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Analyzing Medium Scale Sof tware Development*

A Great deal of time and money has oeen and will contir, ue to

be spent in developing software. ,_;uch e,=fort has _one into the

generation of various software development methodologies that are

meant to improve both the process and the product [_yers, Baker,

Wolverton]. Unfortunately, it has not always been clear _h_t the

underlying principles involved in the software oevelopm_nt process

are and what effect the methoaolo_ies have; it is not al_ays clear

what constitutes a be_ter prod _ct. Thus progress in finding

techniques that produce better, cheaper software depenos on

developin_ new deeper understan_i nGs of gooo software _nd the

software development process. At _he same time we mus_ continue to

produce software.

In order to investigate these issues, the Software Engineering

Laboratory has been established ,i n August, Iq76, at NASA Godd_rd

Space Flight Center in cooperation with the University of _ryland

to promote such understanding [L_asili & Zelkowitz]. The _oals of

the Laboratory are to analyze the software development process Grip

the software p_'oduced in order to understano the _evelopment

process_ the software prod _c t, the effects of v_r ious

"ilrprovements" on the process and to develop quantitative measures

that correlate well with intuitive notions of good soft_are.

The goals of the Laboratory can be broken down into three

major tasks:

1. Provioe a reporting me choni sm

project progress. This goal i s to

up-to-date data on current projcc_ development.

procedures can pinpoint problems as they

eliminate their spread and growth.

for moni toting current/ {_

provide mana _e_,ent with _ "

Better reporting

_evelop and help

/

2. Collect data at as fine a Level as possible that can be

used to determine how the software is bein_ developeG, extent
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Analyzin_ Ke_ium Scale So1'tware Development*

results that have oeen reported i n the literature about vury l,_r.qe

software developments and their characteristics to medium sizeo

projects (5 to 10 man-years), hel _ Giscover what para_,eters can be

validly isolated, expose the paraEeters that appear to be c;usinq

trouble, and discover a;Jpropriate milestones ano techniques that

show success under certain conditions.

3. By comparing data collecteo from several NASA

compare the effects of various technologies and other

upon system development and performance.

projects,

parameters

Projects for the Systems Deve lopment Section at NASA typic,_lly

are produced by an outside contractor under supervision by _4ASA

employees. Most products are in the 5 to I r_ _aan-year r;ncje in

size, and are generally large batch programs for _n 131'_, 36 _l

system. The programs are almost always written in FORTRAN.

To evaluate pro9 rammin_ methodologies, a mechaniser was

established to collect oata on each such project. The initiol goal

was to collect as much relevant data as possible with Gs little

impact on the projects and software developn_ent practices as

p o s s i b l e • -I-t_i-s'-'b-e-l-_-v-e-b---t-h a--'t--_-l'_T,'O'_;_h'-'_he-_e -,-h_`-b-e--en_ .s or,, e .... i r. p a c t

__r__cL_j_r_te_r_f_v---i-_;_'s-_een--m-in_;aal. As we gain knowledge as _o

what data to collect, we hope to shorten the manual input from the

project personnel, and to automate some of the tasks.

Similar to other reportin_ projects of this type, the

principal data gathering _0echanism is a set of seven reportint_

form, s that are filled out by project personnel at various ti;res in

the development life cycle of a project [walston & Felix]. Son_:

of _hese are filled out only once or twice,

filled out regularly. The seven forms that are

include:

whi le o'.hers are

currently in _se

OF POOR QUALITy.



Analyzing Kedium Scale Software Development*

_. General Pr_ect Su__a_r_. This form is filled o_t or upd,,ted

at each project milestone and def ines the scope of the problem,

how much has been completed, estimates for the remainder of the

project, and what techniques are being used. It is a toa level

structure of the overall or_aniza tion and is filled out by the

project manager.

2. Com_or_e_nt _m_Da_.r_. This form is filleo out ourin5 the

design phase and describes the st ructure of each co_,,Donen_ (e. g.

subroutine, COM_tON block, etc.)

3. P£o£raD_ei: AD_a_l_s_ S_urve_. This form is filled out once by

each programmer in order to provide a general b_ck.qround of

project personnel.

4. Resource Su_Da_rz. This fori_, is filled out weekly by the

project manager and gives manpower ang other resources char_ed to

the project during the week.

5. Comp£nen& Status_ Re__ort. This is the major accountino for;,_

that lists_ for each progra,amerv .hat activities were pc rforred on

each component for the _eek. This is the basic form that lists

what happened and ahen.

6. C_o_m_puter Pro_££am- R_n Ana__l_sis_. This form contains an entr7

each time the computer is used. It beiefly describes what the

computer is used for (e. _. compi le, test, etc.) ana what happened

(e. g. error messages).

7. Chan qe Report Form_. This form is completed for each ch_noe

made to the system. The reason for _nd a description o,_ the c;;;,nGe

are given. If the change is made to correct an error, zhe _;_thoC

of detection_ effects on other parts of the system, ti,_e to

correct and type of error are noted on the form.

The data that is collected is entered into the I_,'GRES PDP Ii

data base system [Held]. This process is somewhat tedio_ s Cue to

OF _OOR '3UALiTY



Analyzing Me_iu,T0 Scale Sol _re Development*

the c_re needed to insure data va fixity. Almost all of tre errors

not detected my han_ checking of th_ coded input i_ detected by

the input program.

ALl projects that are current ly Oeing monitored c_n De broken

down into three broad classifications:

I. The screeninc_ gx_eri_ents are the projects that si_0piy h_ve

the requirement to submit reporting for_s. They provice a bose (_.

line from which further comparisons can be made, and upon which

the monitoring methodology can De tested.

2. The ex  ri _eot_s a set relut;vely

similar large scale _evelopm_n _s. While they ar_ d.f_cren_

projects, they are sufficiently similar in size and scope so _h_

comparisons can oe made across these projects. In th;s c_,se,

specific techniques are sometimes required to be used in order to

measure their effectiveness. These projects _re thv standard

spacecraft software developed by the Systems Develop_,ent Section

at NASA.

3. The £o_ot_o_le_ e_m£_i__enlm are a set of projects that

developed using different methodologies. These oevelop:_ents

the most closely monitored ano controlled of tnt _

classifications so that the effects of metho_olosy u_-on

projects can more easily be measure(_ than in the

experiments.

For each project, a set of factors that

development are extracted by the forms. Some of the

are of interest incluOe:

ar_T

orL,

three

these

se _,i-cont tel leo

eff_,c_ soft.are

fGctors that

I. People _a_ctors (size and expertise

team organization)

2. P_e_ fa_cto_g (type of p roolem to

problem, format of specificati ons,

5

of develop;,; ent t e a r,*,_

solve, _,a_nltuCe o_

constraints placed upon



Analyzing Keoium Scale Sol _ware Development*

so lut i on)

3. _Pro_cess f_ac_to£_s ($peci fi cation, design and pro qra_._m_nt;

lan#uages, techniques such as code readingT walkthrou£hs, top down

design and structured programming )

4. P_r_d_uct_ _fa£t_o_rE (Reliabi li ty, size of system, efficiency,

st ructure of control)

5. _Re_so_urge fact_o_rE (target and development

development time, budget)

C Olf_pu te r systemT

6. Tools (Libraries,

tools)

compi le rs, testing tools, I_i oirqt _nsroce

can be controlled while others _rc

oeve lo #merit computer system, buo-;et,

u r_'

o_ her

uruG

_hc

Some of these factors

inflexiDle. Such items as

format of input specifications and type of problem to solve

mostly fixed and change very slow ly year by year. On tl_c

hand, factors like structured programming, design techniques

team organization are much more under the control of

laooratory and can be v_ried across different projects.

For each semi-controlleO or controlled project, a set of th_s(

factors is predetermined. For example, a project ,T,ay use a

librarian, code reading, walkt hroughs, a PDL ano s'cructu re_

programming. The other factors that affect development will oecome

aaparent through the information obtained on the general projec'_

summary. In order to enforce these methodologies on Dro_ect

personnel, a training period, consisting from a two hour Ic,cturc

on filling out forms up to a week's classroom training, is u,,irc

utilized. Every effort is bein_ mace to use 0_ethodolosies th_;_

are compatible with a project manager's basic beliefs so that no

friction Qevelops between what the f;_anaaer wants to do and what i;L'

mU St dO •

Much of the early effort in the Laboratory w_s expencec _n _he

6
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Analyzing Medium Scale Sol _are Development*

organization of the operation and _eneration of data collectS, o,;

and validation procedures and for;_,So We have reacneo _ #oint where

sufficient data has been obtained to permit us to evalu,Jte our

operational procedures and to ana lyze data with respect

one and two in the introduction. In the foIlowin_ t_o

early evaluation of the collected d_ta is presente_.

emphasis in these first evaluations is on reporting

re liaPility of the developing sys tea,.

to 5oa is

st?ctio,qs t

The _,la; or

pro;tess an_

PROGRESS FORECASTING

One important aspect of #roject control is the _ccur_t,,

prediction of future costs and schedules. A model of projcc'.

pro;ress has been develqped and _itn it estimates on #roCket cost_.;

can be predicted.

The Rayleigh curve has been found to closely reser,,bl_" the l_f_"

cycle costs on large scole soft_a re projects [Norden, P_tn,34_]. At

present, we are assumin_ that this is true for _e_iu_ sc_l_.

projects as wellt and are developin_ reporting procedure's b,,se(;

upon this function. As Gata becomes available, _e Will b,: b_ttur

aDlu to test the underlyin_ hypothesis and refine it further.

The Rayleigh curve yielding current resource expencitures

at time (t) is given by the equation:

(y;

Z
y = 2 K a t exp(-at )

where the constant K is the total estimated project cost , ,_r,c _r,L,

constant a_ is equal to I/(Ta*_2) where Zd_ is the ti_e _hen

development expenditures reach a maximum° In our envircn_cnt _ anJ

a are expressed in hours of effort, and _. is £iven in weeks.
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For each project in the NASA environment, the requirt:aer;ts

phase yields estimates of the total resources and develo; TLnt time

needed for completion. This datu is obtained by the L_boratory vi,

the General Project Summary form. From this data, a R;yl_igi_ c_rv.

for this project can be computeo.

From the General Project Sum.mary, the

parameters are relevant to this analysis:

I) Ka, total estid, ated resources needed to

project through acceptance test in_ (in hours).

2) Yd, the maximum, resources needed per wee_ to

project (in hours).

3) Tat the number of weeks until acceptance testinro.

following, _;ree

coi,_ lelo lht

cc:;.,lore triL

Since the layleigh curve has _nly two parameters (K _nc u),

the above system is over specifieo _no one of the above v0rio,,lt

can be determined from the other _wo. Since I_ASA l_c!L_s _ru

generally fixed a year in advance, there is usually lit Lle the,

can be done with total resources available (K). Also, since _r,:

contractor assigns a fixeo number of individuals to work on t_;,:

orojectt the maximum, resources Yd (at least for several a_c_ntns) is

also relatively fixed. Therefore, the completion date (T_) _.ll

vary oepending upon K and Yd.

As stated above, Ka is the total estimated resources neec_(_ _o

develop and test the syszem throush the acceptance testin3 st65e.

By analyzing previous t_ASA projec :s, this figure Ka is o_o_t _%

Of total expenditures K. The re;_,ainin_ 12% _oes tcwart_s los_

minute chan_es. The seemingly lo_ figure of only 12"; to cover

everything other than desiun, cod in_, and testing can _c exol_ine ;

by the following two #acts local to our NASA cnvironT, c n_ :

I) the initial requirements and specifications ;)_,o_es ar,

handled by c_ifferent _roups fro,_ _he _evelopmen_ section, ano _hu_

this Qata does t_ot appear, and

p,. ,:+_< O+JAL_TY



Analyzing _ediura Scale Sol ,ware Development*

2) shortly after acce#tance testing, a thiro _rou_ un_,:rt..kc.

the m_intenance operation, and so the full maintenance cos_,s ,.Lso

are not included in the estimates.

For this reason it should be clear that we hove no _c_,L;cl J_t,J

to _atch the Raylei_h curve in the early stage (requirement,s) an,:

late stage (maintenance). However I the major central port';or, o,

the curve should be a reliable es _i,_aate of the oevelop_,ent co_s,

and it is here that we hope to prove consistency between tSe ,Jot.,

collected on these meci_m scale projects and the l_r r, scoi,'

projects in the literature. Be_i_es, on the large sc_Ir _,ro_ects,

the Rayleigh curve also acts as an accurate preuictor cf t[_'

design, coding, and testing sta_es both combineo and i;,_v_:u _iL7

[Putnam]. (In the futur_ we expect to obtain some dato or tr_c Lot,

term maintenance phase. A _',aintenance Reporting Forr_ ,',,:,s , _._

developed, and the _ain=en_nce se ction has agreea to _ill out _h;:_

for_ and report back the _ata. Due to the lifetimes ol tl,e.c,

spacecraft related soft,are systems, the data _ill not ._,

available for about another year.)

Thus g_ven the esti_,_te of project costs Ka _n hours, th_ total

resources needed is given oy:

K = Ka/.88

or

Ka = .88 K

Then given constant a_, the oa _e of acceptance test_n,; To can

be computed as follows. The integral form of the Raylei3_ Curve is

given by:

2
y = K (I - exp(-a t ))

who, re Z is _he total ex@en_itures until time t_. Fro_, the pr(v_ous

di scussion, we know that at a cceptance testing , 'Z ";_ -_'_:-

Th ere fore,

9
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Analyzin_ Medium Scale Sol _.are _evelopr,_ent*

2
.c;SK = K (I - exp(-at ))

Solvin_ for t yields:

t = sqrt( -ln(._2)/a )

Putnam [Putnam2_ states that for development efforts only,

acceptance testing (Ta) is relate_ to the time of peak e_fort (Tp_

by the relation:

T_ = Ta

or

Ta = Tp * sqrt(6)

From our own smaller projects, we found that this 5ivts ,,ns'4_.r"

consistently higher by about 8 to l_J weeks, therefore h_' c,r_, u';_r,_

our o_n .8_K rule to determine acceptance testins. ',Jr_y o_r

projects do not agree _ith the empirical evidence of lar_je scal_.

projects in this area i_ no_ unGe,r study,

The raw data for personnel resource estimates are no', directly

usable in our analyses since they include individuals of varyin_

functions and salaries _nd therefore varyin_ co_ts. The followin2_

nor._alization algorithm h_s been applied to the resobrce _,_ta:

Each programmer hour is given a weight of I, an hour of r_anacscr;.ent

tithe costs 1.5 while a support no,.r (secretary, typing, librarian,

etc.) costs .5. This is a reasonable approximation to The ",rue

costs at NASA.

differe_t Rayleibh c,_r w.

t_o different _ro;ec_s

_"C,;'_ QUALi_FY

Takin_ the ;iven value of K, two

estimates were Plotteo for each of

(referred to as projects A and _) by adjust_n_ the const,-nt ,,. For

one estimating; curve it w_s assdmed tha¢ the estimate for _,,_x_,,b:,_

reso,_rces per week Yd _as accurate and that the accept_nct' _es_-,';

date Ta could vary_ while in the ether case the ass_eC accep'_onc_'
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testing date Ta was fixed and the constant a could me sdj_sted to

determine maximum weekly expenditures Yd needed to meet t;.e t_roe'_

date. These plots for the two ci ff:rent projects are shown as

figures I and 2.

The curve limitincj maximum weekly expencitures
considered the more valuable of t ne two since it li.ort'

approximates project eevelopment curing the early atlases

project. In both projects A an_ L, the maximum resource

F,,i_;ht be'

closely

o _, t he,

Yd was predicted to be insuffic ient for completin_ ,_cct,;,t_.ncc,

testing by the initially estimateG completion date Ta. in one

case, the Rayleigh curve predic ti cn for acceptance test;r.; _cs 5.:

weeks instead of the initially esti_.,ate_ 46 weeks. The _ctu.l _atc

was 62 weeks - yieldin_ only a 7% error (Figure 3). The ; r_.diction

for project B showed similar results.

As it turned out, both projects overran their F_.s;,[rctivc,

budgets by approximately 15.Dn hours (In_ for A ono I.°.. fo, ..>), on,:

maximum weekly resources did not asree exactly _i_h ir,';tic_i

estimates. If these corrected figures for Ka ano Yd _r_ usc'o in

the analysisy then Ta, the date for acceptance testin3, is o:q

weeks instead of the actual 62 weeks for project A which is an

error of only 3% (Figure 3).

Note however that the corrected figures for project [ yield a

Ta of 44 weeks instead of the actual 54. This discrepancy is Gue

in part to the extreme variance in actual develo_.,._nt hc,urs

allocated to the project each week, especially towards _u lattor

period (See figure 2). If an average value of 425 hours p,:,r we_,k

is s_bstituted for the ..bsolute moximum, the projectec com_-,let_on

date becomes 49 weeks, yielding an error of only 5 _eeks.

It is clear from the. Gnalysis of this last _ata, :h_t Jue to

the size of the project an_ the effect small perturbat4ons i_c,vc on

the prediction of results, _hat there is definitely _ <,';ffcr_.nco

in the analysis of projects of the size bein b stuoico by tV.,_

11
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Analyzing _,edium Scale Sol _w6re Development*

Laboratory and the large scale efforts reported in the iiteroturco

To demonstrate this poir,t even further, consider the _ctuai _at;_

in the curve in Figure I, The s.ignificant orop

activities during the weeks 2_, 26 and 34 can be

Thanksgiving, Christmas and Was_ington's _irthuay,

for the contractor. Thus our data is quite sensitive to

employee illness, and pro_ect personnel changes.

in _cvelopmen_

attriLut_,c to

all holid,y. _,

holiooys_

In order to test the preai ctability

fi tting techniques to the actua I d_ta were

c_rve can be rewritten as.

of the

us ed •

r,.odel, curvu

The Raylc'iSl.

In (_) : In c - a*t

wh ere

c
K - e

Th is equation can be used to de ri ve the equation y=f (t) for

collected data (yi/ti, ti) using least squares techniqbes.

the

From this solution, figure 4 '_as plotted for project A. The ,_

represents a best fit using all o_ the collecteo data points _hil,:'

the curve plotted with *. represents a best fit based upon po:nts

up to the original i_oint assume_ to be acceptance tes',inb (',_

weeks for project A) to check the mooel's .ability _o pre_ic_

co mp iet ion.

Figure 5 summarizes the resul is, These are not very :;oct., an(_

Figure 6 is a possible explanation, On projects this sm_li, "_k.e

resaurce curve is mostly a step function. _hus assumin5 ,_ _.:oyl,'iS',.

curve estimate at point x results in an earlier shar_,er _clinc

while an estimate at y results in too little a decline. S_or_in3

12
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with Norden's original _ssumptions that Leo to the

as a predictor for Large scale

investigating variations to

"flatter" in its mi_-range, and

th is size.

_ay le i_h

researc,_

projects

oe velopments, current

the basic curve so

better approximates

curv

i

io

£o£e__cg_sting of Co_o_colS

As part of the reporting p rocedure, the

Report gives manpower data on each component of the

the Component Summary _ives the necessary size

es t'_mates. Therefore e_uations can be developed

component in the system. Thus we are able to estimate

piece of the system is on sched_l e or has slipped.

COfilDONe r,_ SL.'_t_L.

SJ st ,._;. T o,q.;

Gr, G_ L ] F,,,'

whether any

At the present time , summary oata is printed

for each component in a project. In figure 7, C#_

the project, and the other listed components ere

components of 6M. The above aluorithm is now

to see whether all components should be

indication (such as a * next to the name) ma

seems to be slippin_ from its est im_ted schedu

more accurate predictions of _Ka f

we II the basic Rayle TM_ _ curve

studied. In addition, we would l

analysis and maintenance secti

requirements, specifications an

lifetime of each project.

tom K will be

fits this

ike to coll

ons at NASA

0 maintenanc

is a s,.[-,sy:,tc., o:

sai..i-,l c of _;',r,

being invt. s'_ i5. tcJ

checkee an6 ,:,or...,'

de i f a C C) i,, _TM

le. In ii;( futbre,

investiuuteo, r;ow

at a is a lso oeir.:,

ect oa'_a -_rom t r,e

to inc l_dc the

e phases in the

Putnam lists only two parometers

development: total manpower needs ano

effects do other program, ruing techniques

of this curve? For exar..ple, proponents

affecting overall s/s t,::,;

maximum laanF,G v,cr, L.:>,,,c

have (if any) or, "_hc s,,a;_e

of many met r,oc;o lo.3 ies,

15
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Analyzing Medium Scale Sol %ware Development*

such as structured pro_rar,0ming, preGict a slower rise in the curve

us ing the pro;_osed techniques.

OTF, ER It_ VE SI_A_I!ONS

Besides project forecasting , several other areas are under

investigation. Some of these are briefly _escribed in t_,c

following paragraphs.

Overhead

Overhead is often an _lusive ite_ to pin do.n. in our pro_cct,,

three aspects of develo_lent ha ve been identified: _ ro.,r,J_r,i_;er

effort, project ,_,anagemenl, and support items (typing, liL)r_r:,,ns,

clerical, etc.). In one projec_ progra_,mers accoun_e_ Iur _;;oul

8[1% of total expenditures with the support activities takinj _Uout

one third of the te_,_aining resources. In addition, only oLout 6;'%

of all prograQmer time was accountable to explicit CO,_por,_rn'_s oi

the system. The remainin_ ti_ae i ncluoes activities like, ,,,,L'Ein]sv

traveling, attendin_ truining sessions, and other activities noz

directly accountable. As others have shown, this figbre must be

included in computing effective workloads in hours per ._ek.

Errgr A_na_£x_i_

One early investigation using the collectec_ change rcpor'cs,

was to test the hypothesis of Belady and Lehman [19_0]. _Y

studyin_ several large systems, they determined that for ,_ach

release of a _iven system, the per cent of modules alterLd SinCL

the previous release w_s constant over time ("handlint, rate").

Since our own data was _,ostly data collected (_uring in'_e]r_tion

_es:ing, the extension of their results were t_s;e_ in our o_n

14
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environment. In addition, besides the handlin0 rate, we

wanted to investigate the report rate, or the rate at

changes were reported over ti,T,e on the developincj system,.

Figure 8(a) shows this early evaluation, wnich cIL arly

not represent a constant handlin_ rate. The ,;,axi, _:; r,'_c

handling modules occurs in the mi _dle of the testin5 _eriod.

One result which was surpri_i ng, however, is is the

rate of figure 6(b). This represents _he number of change

s_b_itted each week. This figure c_io remain constant lor

t#_e entire development tir,,e.

In order to test this second result _urther, addi'_ior,_l

fro_ a second project was stud ieo. This secona

completed during the early days of the Laboratory,

standard procedures wer_ established for coa, pleting

;_lso

_,'h i Ch

GOeS

of

repor_

repor'_s

a L rl,o s %

pro_ec_ _'cJs

r_; L_ _,0 r_-_

the _or;,ms.

Because of this, the data is no: as accurate as the data o" _i ;ur_

8 due to the way it was initially collected. In spite of _; is, it

too has similar behavior. This _henomenon will be st_,lie_ i_

greater detail In the f_t_re.

su I;'j__v

The major contribution o# the Laboratory to the field of

software en§ineering is the ability to collect the kin_ of

detai led data currently unavailao le, and collec: it fvr a class of

projects (medium scale) that has not yet been w_ll ar,al/-eG- The

finer level of monitoring and d_ta collection can 7ivlo be_ter

analysis and understandin_ of t he details of the _<_velo;,;,en_

process and product. The r,edium scale size of the pro_ccts per_nit

us to study more projects although it is

collection techniques are more important

projects because mistakes can h_ve a much

lar;e number of projects being compared

clear that _ooc c_a _,

here than in lar_cr

stronger i_ ;_ c _ • Tie

also pe r_Ti _ various
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Analyzing Medium Scale Software Development*

software development parameters and techniques to be analyzed one

co_;,pared with quantitative assess_,ents by correlating cat_ ocross

several projects.

The current status of projects in the Labor_tory n_vc,

perT,,iZted us to begin reporting beck to managemer,_ ":he sz._tus of

projects and to begin analyzing individual aspects o_ project s,

checking their relationships to l_rge scale project r_sults ?oun.;

in the literature. The model of resource uti liz..ticn vi_ ti,.,

Rayleign curve is an important idea that is being invcr, ti,._atc, c.

Error rates and their causes are also under study. Since _hc

Laooratory only started to collect oata in Deces_ber oi I':'7_, a_,,.

since most projects take from I_ to 18 months _o Co,,_',lct_ lh,

first few projects are only now being completed; ho._,vvr, withlr,

the next 4 to 6 months, about four more projects will be ,-t,..(;yfor

analysis. This will allow for more careful comparisons _i_n the

dat_ already collected.

_C KN__ LE ___:_E_i.S

We would like to acknowledge the contributions ano co_;:,u,'.,tit_r,

of Mr. Frank McGarryv h_ao of the Systems Development Section el

NASA Goddard Space FLight Center. He has been instru,_n_l in

organizing the Laboratory and in interfacing with the contr_c'cor

in order to see that the data is collected reliably and timely We

would also like to thank Computer Sciences Corporation /or their

pa%ience during form development anu their contributions _o _he

organization and operation of the. Laboratory.

REF EP, F.NS.__

[Baker] Baker F T., Structured pro_;rammino in
pr o_ ramming environment, Inte rn ationa[ Conference

Software, Los Angeles, April, 197_ (SIGPLAN l__ot_i£es
172-Io5).

on R,: l";a b [,,
16, ;_o. O,

I o

OF VOOR QUAL!TY"



Analyzing Medium Scale Sol tware Development*

[9
En
An
C.

[6
r

CH
da

Es

EP
de
Se

Cp

E^'
Dr

19

SO

asi li & ZeIKowitz] L_asili V. and ff_. Zelkowi_z, Ti_u _o/_'v,,r,'

gineering Laboratory: Objectives, Proceedin_us of the F,:i,:_,n_i,
nJal ACM Computer Personnel R_search Conference, k'_shinqton D.
, August, 1977.

elady & Lehman] 3elady L. A. _nG K. _. Lehmany A _,ocel o4 i,3rc,
o.3r am development , IO__ Sy_ten-_ J o_jrn_ I_, :,o. 7, I_/Z_",,
5-252.

eld] Held G., M. Stoncbraker, E. Wong, INGRES - a r_l, tion_l
_a base system_ N=tional Computer Conference, 1975, _,o-416.

yers] Myers G_ew_YoFk _ 9son Charter t

orden3 ,'_or_en P., Us_ tools for project management, '_:_n_o _:L_.
Production, M. K. Start (ed) , Penguin [_ooks, 3al_iu, orc, _*'_.,

utnam] Putnam L. k k ,m.,cro-estimatinG methodology 4or s_,_:_r,"
veloDment IEEE _om_uter Socie_ y Compcon, Wasn_n_on, D. C.,
ptemoer, _976, 13_-14_.

utnam2] Putnam L., Private communication.

_Iston & Felix] W_lston C. E. and C. P. Felix, A r,.t,_o_, n;
o?ram measurement and estimation, I_b_.r,_l_stems Journ_ _, "6, t_u. ;,
7_, 54-73.

olverton] Wolverton R. _4., The ,cost of developing, Ic,rbe sc_l,:
ftware, TRW Software Series T_W-SS-73-01, March, '_o72.

17

ORIG!N_'_,L PAeE IS

OF POOR QUALITY



Analyzing ,V,ediu_. Scale Sol t_are L)evelopment*

PP,OJICT A _R_OJ___CZ

INITIAL ESTIP.ATES FROi'. GEIiERAL PhOJECT SU_V_ARY

Ka, Resources needed (hours) 14,213
Ta, Time to completion (weeKs) 40
Y_, Y,aximum resources/week (hrs) 35_

14,997
41

32b

COHPLETION ESTIMATES USIi;G RAYLE IGH CURVE

K, Resources needed (i_ours) 1o,151
Esti._.ated Yd with Ta 4ixed (h rs) 44_
Estimated Ta with Yd fixe_ (h rs) %_

14,77_,
450
5_

ACTUAL PROJECT DATA

K, Resources needeJ (hrs) 17,74Z
Yo, Maximum resources (hrs) _i71
Ta, Completion _in,e (weeks) 62

lo,51. '-
4_ Z

54

Tar estimated usin_ aczual
values of K anG Yo (weeks) 60 43

Figure 3. Estimating T,, and Yd f ro_:; General Project
Sur,.m_ry data.

P__CJECZ A PE_OJ ECT _"

LEAST SQUARES F%T THROUGH ALL POINTS

K, in hours c0,g87 17,9R4
Ta, in weeks 57 61

LEAST SQUARES FIT USIt'G POINTS LIp TO
ESTIMATED ACCEPTANCE TLSTTNG DAT_

K, in hours _6,827 25,714
Ta, in weeks 49 61

ACTUAL PROJECT DATA

K, in hours _7,742 1o,543
Ta, in weeks (_2 5_

Figure 5, Esti_,ating K anQ Ta _s in_ least squares
fit.
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Ana[yzlng KedJum Scale Softu. re Dcvelo_mtnt*

_N_TIAL EST/'_ATES fROg GENERAL PROJECT SUMvARY

Ka, _esources neeSed (hours) 14,713 _2_9_"
Ta, Time to comcletion (weeks) 46 _._

Ydt /,la_'lmum resources/week (hrs) 350 _'_

COMPLETION iST|PATF. S US_N_ RAYLLIGH CURVE

_, Resources neeceo (hours) _(,,_5_ _,_7 _st_mateu Yd ._tn T_ f_xed (nrss 4_r, 4_._

Est_mateo Ta *_th "fcl f_xea (hrs) 5 _ sr

ACTL;AL PPOJE. CT DATA

K, Resources n(edeu (hrs) 17,_4_ 1_,',_ _"

Yd, rla,lmum resources (hrs) 371 4(_

Tat Complet_o_ tt_m (weeks) 62 _4

Ta_ estimated usln v -'-ctVal
values o_ _, anG Yo (ueek s) 6_) _'

Figure 3. £sttmatin_ Ta and Y_ fro_ General rrojett

Summary data,

LEAST S6UARE, S FIT THR@UGH ALL P(,IhTS

Kt _n hOurS _O,0_7 17t9_

Ta, 'in w_ek$ 57 ¢_

LEAST S(,UARES FIT US|i',G POIhT$ LP TO

EST|,_,ATEO ACCEPTANCE TEST|NG &A_E

Tak" _n hOUrS 10, 8 _7 c._ ,';' _ l,in weeks 49 61

ACTUAL PROJ[.CT DATA

T-_K" _n hours 17tT&2 $6_547in weeks 6_. _4

;_;uee 5. E_t_mattnk K and Ta usln; |eas: souares
fit,
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EeaC £1c baaed upon poLntl up co time X

m m .. Een¢ f£¢ baled upOO poinCe up to tLme Y
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HOUKS ON t':ACHACTIV_I"Y

COI,_"ONENT DESIGN CODE TEST

DATE LAST
TOTAL P,EFERENCED

CH 79 79 9/Z6/77

CHAARO 12 9 21 7/ 8177 15

G_IARRp 6 3 9 5/18/77 14

C2._SP 7 l 8 2118177 5

C2dC2._ 8 i0 18 2/11177 15

G'_RZV 2 3 5 3/LI/77 1o

C2taTG_ 1 10 11 22 4/ 1/77 5

EST_HATI_.D

Ccn"w].i".TI ON

7/18/77

6130/77

5/ 1177

6/_O177

_/19177

411_/77

di_,re 2. Sem'_le kl_te ,t_ported b_k to man_gementq (Note: Project 1,e_;_nfoua:
months be_p_cel rdportL6d_rma [tt_'ustdjto _)t o_'design_data _a_ not_

c_ZZ_ted rot Yh,,_o_po,_otY.)

_lgure 7. )_e6ource date by components (Dete collection on this project
began after design phele completed, eo little de*tgn time l* ,,hown.)
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